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Appendix D : Publication : 



The following publication is appended as support to recent experiments concerning the 
entanglement of solid-state materials. 

It is referenced: 

• Togan E. et al in Nature, Volume 466, 5 August 2010, page 730-735: "Quantum 
entanglement between an optical photon and a solid-state spin qubit" 

Pages are numbered 730-734 and an additional unnumbered page. 
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Qaamsam £&ta&g£e&f#3& k< ammi$ th& mwi tempting aspects- oi 
qmntum. theotyh &xim$U& optical photons are ^ whMy 
tax hin4iinxzsit&l t%s$$ &i onantaxo mvxhmucs* a>jst aj?p!£cx«ko*s 
*»ch m qmntnm cry&m$m$hy\ &&ms& recent. apm« 
dtat*K$s&£t£d eniaogkmetJt tsfoptt csi photos.?' wit h trapped! k*&$\ 
atoms* 5 '-»sk4 atomk zm$xaM$$*'\ wkkh a?e the?* stsed to eo&ti^et 
remote foxi$Kers$ tnesjxory ssosles sis dsisfrtot&ed onarrtnaj 
iietwetks^h Here we realise qyatitona £8&3§&3&&nt between 
ilve |>oteate of a sirtgk opiikal photos*. m4 «• solisl -state <§uM$ 
associated with the sk^.e ekctrontk. spi« of a «itrage& vaeancy 
centre k> di&rcK>&& Onr experkm^iiaa exuaogktoern veritlaaikji* 
uses the oaxaxitarjx eraser teehirxs}rie s,5 *> m\& jktwomir&lss that a 
h%h 4egtee of control over mtsr&ctiosss between a soBsl-state 
qxxhit attd the rpeaatntrj Eght *1eS<3 can be adt&vedv The retried 
e«tajigli?J3aaai source ea.o hs* asad ist stodhss of hixxdaxriexrial 
qvux&tim phenomena aoo" provides a key bohdaog block for thts 
&>&4 state realist ioo c*£ qoantnto optica! 3£Wj*wdes ,:W . 

Axtaaatoir: oatwock 1 3 cottsists of several n^vs&di oootaioing =5 
long- hved quantum oaemory arid a stratH <p.iaotojx* processor, that 
are connected via aatfaoglemaai. Irs potetitiai appkcabon & ia-dode 
jk&^-di#&nc€ ^oaoi.anx- aanttixonieahon and distributed Cjnxnmnn 
caxxxootaixoivf Several racafii fix^risnaus demonstrated na-i.tnp 
eroanakixxetii of soikhstate qobda separated by raoxenetxef* to mil- 
}i{:ietie : " :S length, scales Hotwfww, veaS.&a*k>t: of knsg-diataxxce 
exxtangletnea- haaed on solbthsrate: systems eoopien to snsgle optica] 
&hotoW s an rns-ai.sadhog chafieose The oktogao-waetpxey .;>$V> 
eer<j:re, a defci ia d:S>^t?atl t:i?osisti-5a of a sabsa?aj;.a:jai oii;:>>g:er* 
Ato.ro a-?d so avijaaaro vacancy is a pro-.aikLog eaodkuoe ?bv kopk- 
aieofio^a oode. Toe ^roaad st. ; oe af t!he negsttv«! : y charged 

N'v eaarrv; is ao ejeetrooa: ?>>d? r^ipki with a 2..^6-Gf : :;? xefo-fisld 
spb:o>og btro-vaea She otagnede sobkvejs l^.- 0? and \m,-~ ± X) 
states (troto bere oo denoted io) aod jcr:-)). With bog coherence 
U:oe->"\ fast oticorvvavv: •«m«^ykt«*Jn > and aptk«l pvepara.tioo aod 
deiect;arr \ th.e K-V elect roinc aolo presejxts: a pioioisss^ qubk 
dkbie, Mojeovaf, it cso be aaapied to nearby ooeUar spras that 
provide eace^tiaoa'i quaoriao voemori.ea; saeh e»:.uipb.a«g aiiosas for 
the rabost :orp:aa<eotsboo of jw^oubd. riaso^oB regisiers >, ' : " : . To 
this svori:,. a>e demoostovre ?:ae preparatjoo of ooaot.aro eoiaogiea 
i^iiies beovsei-> a sioaie aha-oo -sod the eieetroolc saio af ae -sV 
v:e> 
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vvher>: |o,.> a.ad !^.r) are ortho^ooai eisevhariy pokrj^ed siagk 
a>o?j states. 



The key idea of oor evoeruaeat is dlo? -.rated ax Bg. la 'The NtV 
eeolre ^s p^paml >;o a soadfa. exexved s^ate (;A ? ) h* xa) thist 
decays v/dh e^iaxprohabiiky into t%?o dktereai.xa-o^ Uv-aJ spxn stales 
£ ; x. .l>? by tae ei.oi.^sion of oxihogoiaaly poha izzd opdeai photov-s at 
tis? a:0. Tbteeinta-jgiod ^taie given by eqaa-icox (1 ) xs created because 
pb s eao:5 aalanaatiois is ^niqaele correialed With ihe bna^ spxa s- ate. 
This eaiaagkoii-xt lc> wnded by spin sf-ite roeasur^nxenv ex->ing a 
evebrsg optk al t> axjsitioa iohowxag -he detectiori ea-a<V37-o>r: xaxaxarx 
of ekoaen. pokxi&oxan. 

l.kjdev::taodxag sod vr?otroiline.eaeixed sta^e properties is s centra: 
challenge tor aehaevi.og sxa:h s eoheienx koerfaee between spox axeio- 
ors- aodoptieal photoi^s hi cooxvast to isolated atoros and ions> sobd 
stifle .avsteoas possess ei>n>piaa oxated state properties that depend 
^aoshxvaiy oa their k>eai environ o>e:-5i"\ rvon-aobal crystal stcsia is 
pardeoxark^ktsportant to the present rt^dk;nexn hec-nxse It atiecis i-se 
opdciii traixsihona' selection r tiles ano oolariaatioo properties -*. 

to the absenc e of exieraax strain and deatrk or aaa^oeta heUk> 
p tope-ties of the sis electronic excited states are dateraaxaed by xhe 
b-V eeii tre'r <k y sysna nary as*-;! spia-tabk at id spin --spin interact t-ras 
( sbti^n ax fig. eapf Optical Uaosvtiatxs beOvveext ihe ground and. 
axdtteb: state;; ate spin pxnsexving. ina cootd ehange ekr-oxaf: orbxtai 
iioaitl-S: nioroeixtan- deper>dv:<>; v ;.a d>e pbototi poiar:;arkoiv T V<v tafthe 
ex-xed -aaxea tsixakd attd oh> according to -heir orbxt-a; syaa- 
i^etry , sortesaor d to the -m f - O .spxt- inojectaax. therefore they eo-ipis 
only xi> the id) eoixaxd slate ood pri>ekte good eyef ita. traasatoa:^ 
sisitatae tor readoot of the 105 state nopnkbon throtsgh fixtor-rscence 
oeteettoa. The tstliet knxr ^rcked states areettxattstkd saxtes ot spin aad 
orkrad angaiar >nti>nextiaax. Specdkahyx the tsb) stale has the tonn 

where 1£ : ,> are orbital oates with atigaiar oxotneaunn project i : o-n :U 
ahnxg dxe x-V aris. Ax the sa>oe pone, the aroarxi stares \± I)} are 
assiicij-ted with dxe orbital state ;fa> with aera pndecbon of aixgaiar- 
nsssnientoni > fot slnip}k.xty ; t he spsixaj par t of toe oso- entocnon o ae<x 
erptkiib-"s^>dxaeh rS"enec : owing to total angoiax monaa tono eo-ns-e:> 
vaxion > ike ; saox decays with etjnaxprahabiihy to the i~ •} t-ranrai 
state xeraijeh a aolarked radiation and to j i> ttiroogh • ■ - ptaarirexi 
tadiation. 

The ineei.tahi.e preset ice of a smalt strain tietd> t.haraeteiiscd by i.he 
strain splxttxtnt; ishj of \£ y J, rectoees the NV centres, syaxa>exry aad 
sbihs the energies of the excited state ievek accordaxa. to their orbital 
wavebjnctiOiix f or ntoderat^ and high strain, the exeked sixxt.es are 
separated itrto tvao bra.fisix.es sad there, is nshdng hetsveea kvels ' s ha 
ihe apper tnatxle an eoersy cap prtateets i/ls agaixxsi low sir aha and 
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S^rs 1 ; tor mn~pk*tm a, F^ysMfig ss&Kf iws 

Ut-«v>. fcm^wJuisl NV c<fsim sirs s,<«kt*d a*s<i $&*f*$s*>'i «^k&Uy asittg a 
«>.kY0^>^s «*b$«.lW<-TtoK> reac^a* lasses »m »a4 eff~TOa**m 



sweciratfy sx-gbsxted imx* i*$l> ;m<Si£K,ch&mv>& &r*<?*;*.tti%v¥gj avalanche 
•j:>m^xik>ik4 « A?*>*>. Th*? to<?r ch«ji«d ^»^&nw «hot»&y $s?ii h 



{ioi; : :n?.atk>i) prapfirtiss of the t?-aiJjsitt?-j?i* »s giv^n h\ $hz S\xpp\m^x\- 



To .fjfiWAv<» that HQ iiv a g<3«sd cycling i'«tnsatw« and |A>) : - : c?.s ss an 
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b> i^is«tkm xpz&sxim «f U>s ?.tt«tfv <u^&y c<>»f:imj<3U¥ svav<? tew. ) 



xYsy>M?J<?ii m :smi>r??Mx\> Xh« sy$*c*» -s»Xii^y pr$ps; ^>>. i« I ^ J.) s>r^) OY 
;-5> i.j«*J;,W* -th&a $\vc$y -a 'im* y^U* i£v*vn* s % po^m^um i<> vhs |A.-> 
stats f.o:laciiY*§ a^>«r*:u>m^. O^iUstkms vv.Uh A^sU>|Uty "/ * Ui% 
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wfcjk Fig. 2c demaratntte* the tatasd poo*tfettfa& properties ox the 
| :t: \) o>> \A 7 ) um&il&m via re*o$*nl emtet&a. 

We. bow to the £;<perin*ent^ d:oxxonsttxxtkro $f-spi^pwton 
tniaaglcmctK. Om sxperW.afc}! ftst-ap * oxxtUxxed In i% U> and 
desotxbed m the: S-jppkW^siavy Isfotraatisa, To create the entered 
^-ese, we ixse a:<hererxt exxd;*dosx within the yarrow --band Aero pfxonon 
hoe i?Mj, ioehides txxily; ofrhe KV ^atie^ 
The remauting o^tkal rftditfttaa occurs it- the frequency sfe&sd j>h^- 
«o^vsideb^fM^S^: -v?hieh is accompanied hyph<>«-s« etnis$xon xkn 
causes deterioration of ihs ^in-phmon ^x^gke^m.^. &o&ixog 
the weal: ZPL endssioo pressors a s^o-inkan? esperknentax chslJenge 
owxogto stroog reSeetioro; otfhe rasoosnt e:sck;n:ioxx pxsise teaehoxg 
the jfotedor. By exerting the NV centre wuh a circokvrly polarised 
2~ns ?? -pxdae thai, ss shaker thert the enaissiot: tinxe-scaks we c;tn nse 
detection dnxin$ to *e$*me refexiox* fere xxooreseence photon. A 
eenxhixxaUon of coxxjbca^ r«K^*km xr<odnk£ors and ikxhe sran^vdt-- 
tivkv of oxrc optics sxtpe^esses the reikedoos sxslEdsntl? to dearie 
detect the NV centre's X Fi, enk;sxon jo a 20 xxs region (x% 3), 

i?oi r>hetoo # ate deterndoohon, ZVL £bc>*o&$ m e&hss toe os 
\H) »M>-* ) -f \ff - )}•; ;V) * 4? (jo * } --k ... » a- e Reeled by 
is ?jobnJatk>n aaalysKJ stage and detected an optical path of 
— S ox. Snxo readoo? then occur* after a n kxxs spn* nxenaory dnxovxv; 
thlknekrg ohotOfX detmion by traxxskrrkxg pepxdatkot iroro either 
the i jkxro their spprtjp.t.i»t«>- ch<^a«ap«po®&*» into 
ihz'm *ta*e xfsxnpt asicfowav* pub**> I'he pul^s ^lecvt^v 
ii-kl^ss the I0> f:?: 1 > xy^^tk>i?s wkh m<>JX^: x : f eouenc < : that 
dltfc::: by Ot^ "' ^ " o> ... t22MH.?. xlae to au ^poiko tnagf^ik 
ikkl 1'oi stjpetp^iixo^s oiM^a) «iates ? a« echo sequence is ^ppBed 
b^ore the mtz. xv;josfcr io extend, the spin coherence tins* (see 
S«nx>ien>es3te?y xnxbrtnatjojx) • The iransfey is iioho^d hy jc^o^xxxx?. 
^>;cxWion of th^ :o) ^--> iiv tn^xskiov: «nd i;onectk>^ ef the FSS 
ikinx!&cs?>ee. We eafefel% x^^tatfi ih* xx^xx-sferre-i pnooienon ?»«3« 
sx:ixxi in tt-e ^vate nsin.g the procedure detuiied n-i Met^oas, 



£x$;nre 4z. Vnoxvi; nhe t?opuhxik;>ns m the \$:\) j^nte-s, xxvmxxxa 
coodihonaiiv on ihe denrcxino of « sitigie id.o-nxady poxavi?e4 ZPI, 
•photon. llxcelk'C? eo?:re^tk>n^ betxveexx- ^ht: photon pc^nl^-non 
kv ; spifi siatss e.re observed, 

l o coinolexe the ^rin.catio^ of e.otai}gleroent> ^ oo\v show that 
ccwrdatioiis pen;ht wheo 2Ft phoioo^ are defected xs; a xot?M<i 
yttUxxi&iiQX fjssis, On deteeOoo of a Uneerlv pokfiied ;H) ox Pi-') 
nhotofi at tioxe -he ent»ngkd state its -oq : «atk>iS (i) i§ nx-o}ecte;d 
\ 0 i : r } -f | } i ; — .£}}> ce-ipeenvsiy The«e states sxn>s<?qntrnx!y 

evoke in ooxe (<> a^:oroxog t*>i 

i -s ^ ,, -L /.v • - -f .0 -tV ^ - : *H - io ) *3 .} 

V ■ 

In order to xmd out the reknve plnvse ofsxipeyposxiion smes between 
!.v'!.\ zx\& i — i>> we tise two ?:esoi>:oo xjnerow-ive heUls Witts, 
he^oeock:* o^.< and o>.. to i:oheoentxy n:=inskc the state 

obo edxete the hxinai xd^nve phase -<p.. h sex xo the s-;roe 
vajne for eaeh rooms of theexneornenr xhns, the condiuonat prob- 
:3tblntv nf nii?.:;:i:irhx« -he st^te rs 

. i:teo->:^cO 

where ^ (a).* ---c>..;^ r ^ ' - 0 o kojxaooo (4) indicate:: 

that ths nvo eondidoo;h xo ohabhhhe;> sihoxM oscihate wj.th^a ?c phase 
difiietenee es a hxsicnon ox the photon dexectbn tone, $;>.. Tho can he 
nnder.sjO>:K : i as tohov^i. hi t he presence ot Zecoian splkthtg ?§<v o : 0?. 
the NV eexxtrti's spen state is entangled -<vhh ho-h the po-kvd^atioo ;=no 
hinoeocv r;x the eoiittca photox^ " j rhe photonV; iVec-uency provides 
whkk-path !ntbrn:nn:iox^ aoont its oecay, hi. vae spkh oi qoaxaxon 
einsex n>c : hxxi^x^s ? toe dexecdon of I.H) or |V) sx i,< xs-xih. high nrnc 
re^ninxxon (—3CU>ps Vim) exxxses the heqoeney hx*0:OXiahon :: k 
When the Ixxhxa! rekxthe phase between the tnkrowave Jxetd:: 
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^ j 5>«ice*kw* ?w «»ta«^«me»*. .ss.-.Mw. 
sntn &ftiaka»ik»i ixiJO Ut)cponn^non is i?vsz*i«sv*& to i •* 5} i>y a nnxiow^ 
ii'U-Ci- Th- is \A,<) mxh a 637..19-ik» st-psifae a«d xne 

h cistexett. ^ if a or <r... ^hnten is sisite<X-<d< the pen^:^ nen 
: <> ■ * 0 i>j i - |> h tra«sx^r^ t<; i0>. ,U>n n? ! V) nhofen w ^atacte^ a 
v-?a -s echi> setpieuce (ssis- Sx>opXv>nent^ry h>twf^Xnyrfi- >s ap^ied + \ 

and &':\> hy ax-pxtise wbkk irzsx$ter$-ih& pis%mUtUin iti (:>ea 



* $ xtj m ;a>.c/xheooni0^nx>« in ]0f>w 5fj.^swy«a «sh^ : x : h<><|37.20.-«.jn <?pti<.x % : 
?ei^nni :ref>^tixnn ^ IMs*v^««jc« for xhe esse wfcsx* an I x>r \ V> ZPl 
nhf.eon isdexefts^ (UiVie axis jxotojseskn If phnreo .is aat»xmxi insieac, 
^Iva ^5>»5se^v«*^her > n? 0- , fc*ssdLfc>r «pkt n^hnn.. hwenaexoexto 
0«v> of ^PP-dxno^i phnt>>^x a«^R^rctk\ak>n Ox>n< 4ki«o»0 &y s *iace 
suisv^uein tslV fiwsisskw (hix^O ^d hii£kg««M«i e«u«tf: vpufoto). 
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nostra 4 \ &%mtns*w&mt *>f s&**phQtos» .«*»? fcssas. 
Wc&n&tfanai srohabi&y tfm*®.$v.xi&$ j '■- 0 *&« d*asst«M of a or 

a r> f v ph&*os*, fcxnaexed &&w a £t m data sheasfa L« «. 
c- ^ M^a«A £»*di*fon«i probably of ih*6im atecmmie b* xfca 
slite i > v i> a fn, r *Mee>\k>« >:s$ a V i * J or H Mi $>h.*fc>s r>. fta* f<i. sbaooO 
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regies h tfce cottfnUaKaUatervfc! for d>* *h is«^>i -in«) ivths tisw- 



osc>lkrkim i?5. the o:^ditki::3;sl probsbili?^ ^4 p?<xkK<^ sv: <fffea 
>fqv:h- : «k.«! to v^yiag the c^atlve phase ki. the sj^&«.red 
?toi>this^w5 astJwi-ify the a^re^c^ of tbs? &p jn-^^vi enveti^- 

The df^^loG times of phi&vm o-v>? j^:j«ded ihmn® the 
«Lt<??«n5y«ral wirhijut eiiy *Uy5.<? ga5i«-g, -wtxk.b ajkjws x<s- : -o : >*v^>' 
spiji- -"tJhs4<«.Tk c<>v>vii,iUvmi vvivhoor. r^dwet:^ count t^te. fhe 
rWtkg data are ur>;ih^-d h\ -^o d^rea- ^ey*. fe^w ZimtAwx 
the a?sd' x^se k to eveluate the co^dju^ai p?ofc»b-&8£$ «s.t ??>ee- 
sums « n !M as s fx«ic*kK* j H) or i V> pboto.a csesactwri ume 

cir^ evsiiJ^xed trc-m a fih-^isi^Jieoiis fli u< the thrived d;:?:e, (s-ee 
Method^?. Tb« thv*e bi»s are dss>$en 10 »>i.nimi2tf fti i^>cervai;>tv, e$ 
described m S\^<tmznXzry i&fx>i!mm&ti, l:he re><v:h:irig eoi$<Uti0^5 
prob;>bv[h;u>s are u*ed to evaluate e lower hound or? the etiS:au|sen!ent 
fed-dhv of F£s 0,69 :x CJ,06^> ehov*: the e}a^k->j huht xiOS. ir-heeting 
?:he pvWatsttor* of aa eotaogkd &tate. 

We h^thev rfrhxthree our >J«al¥:i!s Losing the iv:<en>:x1 o? me^hoxrin 
hkeohood i^thmte. As described in St^^K^itaiy ?^m^&JS>t3iis- 
vuethod h applied to raw, un-bhxued: Zrt phoiou detection ar<d snus 
eoe;^ur«ineuX dai;5 and yields a psxMtehlf disinbutiOK of a W 
Ixnwd on the hdehfy Com^ient with the d jne-biooed app^oac u. we 
fsnd t«er e-nr data are d^etibed by a oeat Cieo^eo vnobablhty 
di^riondoo a^uci^d wuh a ddeluy of r >a>;7o *: o 0?o (see 
Su-?>pk.^et:tafy -fig. 7b Sieadfieenth : the exuouktive pioh^biute^a- 
nibot ioo dueetlv ^ that -he oxrasured ioma- 1«<^ <>n the hdel- 
hv Is above the classical hnbt v^jth a ovobwhilUy of OS 7%. 

' $ovY:Yal eKoerin>eot;:l isnperfeioiits r^ixice the observed emaoeh- • 
•neai IkkiUe. first the measured stnun and niaenede heal shgut^ 
«xkes tjxe \k ,> Sttie. >vuh the other excited, states, Chi iba: basis ot 
i% 2h< we ekhnate dxtu the j A.) state i^pertactiou mid ouotoa 
depo5<iri;vai:<on in the set-ao togexher tedoee the hdeiaty by r>%> 
tixe latter being the dotoinart^ el^cr. iaipetfectiotis VtJ readout ana' 
eabo ?tnerev^-ee poises decrease the hdehty by 3%. Other etrrn 



purees intrude f]:0:re stgxxai torunse re?h> ixx the ZPL daa*i?ua i hoelxty 
deer^^e U%? ; as wea as linxing htxex (ar>:othor 4%y The tesaittrrg 
evicted tidehty .«$ eor-->isteot xvvfh tnxt exee; -ox-rnai observ ; ;- 

• xo.as; eorntv, tjreexxian«ieo>i?nt generation sx>ce-:-:da with probtdhbty 
« «ri i 0 * : vvhhh h ihvnkd by iosv e^Ueedou and detee- too. eduaeney 
W v^eU m >ae at nail psv&abUity of ZPb e;ohs^m. 

1-oxaogJen-se^t six?y,ski>i4 remote qoa<nom mgisters is one htm<irt - 
ant n^teoxvai anoheatto:? ohthe te:dmiooe described here'h This eau 
be done by eo.4<ddexxve oxeasoreoxeors on a pair of photons e untied 
by two remote NV eemr-ts. The hey ogxxre of mer:> tor su-ah so 
^uneoaleoreor operalhm r>ver a disteine I k j.nopornooa! to 
A .••V s 

*s -~LL.. % xvbe> e ■• 2r. X if, MHz is the apnataneoos decay rate ot 
: x r e 

the nV eentrea t - XJc k roe photo:* ttas^i tioxe> c n the vetocxty o; 
httht, and :ri$ xhe mennny nfetxuxe. A hrrtte Sgno;i ot ment ts evixaah 
for applic;moos sueix as qoarnum mpeaters and ersxaoeleroeni port- 
ikathrri protocols, tfe 0.5 -ns spin menxory inteivai to <tw esperi 
•neors can be eatended ;o s-e-erat tmedred nhcrnseeov-as v-tiiog spio 
echo t^dxr:io i uet;, hxuthermore, by mapxhoa; the ekctman som state 
onto proxhuat oxu:ki, T can be ex-ended to hxtndreda of -mho 
:<eeood;m. The hey iixrhtata>n m atuhumg a large iVgure ot oxedt .is 
lose p. It <:an be ein:tjnxvoot^d if optxeat ea^ixres are used, svihcb 
simaataneoiisiy etmaocea emission uoo the ZP1 and iooproves ah • 
ieexxun emdency -hroogb tr>xegratiori v>'i?h appropriate xva^goafc. 
eor aaauxpk> by usxttg. a uixeaonk: crystal natweeeit/'^ the notes - 
da! rate ho soin-spm entanakinera generation can be ;rbt.<ut I MHat 
fox r < lev sod a hnv herta-adr t cooesooodoxg to t 100 km, tesolt - 

■ Beyond .this specific apphcahom w ability to 



=.n<- 1 



o. « 



.control iotetactioias bon-eeo nV oeinies and qoaunon bght debts 
demonstrates vbai c=o;mtutn optica! techokmes. soeh as au optical 
som e^nnoh onraioca! er : tar:gjeruent >; and photon sumoer^. can 
he imolexoeotext usiua. long-heed niid- state rmhix$ : pavi.aa me \eay 
50 j- ;i svide variexy of pot>oni-d appi3cstioxa; m qnarnuna optica sod 
ipaantorn hntortnatiotx seteorar. 
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■^20 m Sfesemitta« P'XU^tsrians X.a«a»d, Ait &§bt& 
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METHODS SUMMARY 

H>m rauUa.:*, We <fcr&sw:as ihe spin at tha N V h? rcswmSy ssicjSw^ ate 

IV. obaaa .acw*«*«- a^y>.koa *«kv«ni ?ln <;alUn^>« ai* ?>v* afipermrestfai 
cjovi*, yre 4&*b*a:.y pn>jec: :»c$a«eto f.fcU£&V «mo jy) o? i^lHw^ 
jutiftttiraaatt'fey ctewefs#g ; : bab s&otefc afcer exdireg io to? \)Q m |/> >) sane, 
tYYv.oecav*iy. .Subdural >esvtoai pcftsfo»»*« m#xm8ttn aaa'bjav <&f*U • a 
c<.aa«s shot svhea O-.e N V is Itt&sUy i>; she bob state aa<3 y. aifcterfffJ 
<0»n»t$t«3*fcw&i* !:Wv%^:»-ivJ} *feeft-«t is ki thai*::.) T$wa« terete are tfcw 
ijq&x a> -:.&Gi$ht& lh< j^kgwit&iun* ouo::oaeb fo? es;a«5gkt.a<:0J v«<rifeti<^x 
£ftB»p*rei sx>o*aa>-i<*o.^ spist >T.&w«?eaxaa;$ «$ KV v«s : to.b>«^ahad teiess 

ami $p«cft*l ov-spatial ta#*fe$*te$. A de**$«d d&xxrp&m. -:>f t$«s rcaaooS 
ou^o;aoao.o a ; -a ca&fcwslbsft te given «i tfcft &^taau&tf3fy lob<rax*boo 

use to* coii^ifiwjw; rdcasurenxgu sfams io f*%. -is; h to d^mslae .<&<$gos.tfc:. 

ak>.awto>xn ike s^fr-pfcofrtf^s^&y yostKs; tot&* b> :: A 5? v>>$b>.Assa : pJi«:U>«S 
■ac casatea vyitfc <x:uy^ pv<&*S»&ty (see tojqi&KsiaxBtot? fafaHaftttftf};, -we 

&ssd c. v ^ .. . .. - p- (M35. ., : ., . , , ~|(£Uo£ : > ^ 

ths <#-d«^i>ktowi*i¥, »y: ;aau? th« ssmw^^'s^isbyj^^^^ *fee pkoo>a 
:<t :.h< ;i*> * V> vSatw a a>e>!$it«>ffg toe <xmkk>x\zi p<0oshtl<r>- of he*»g y • *^u* 
which is cooai w | *) for p;jTsicakr -xhoieie >ii o:- { <>rare.o«c : ^K- : .-■•:^h 
H< : rsov^d dossil ft^?m*.^«^. ^ tfcs ! V>> : .t.> ^ >$ j $ ^< d^r> 

»8 ■^^ 4 :^;^wO\<?^^liitffA-<fi>r &*&>f< - ,:•> - *SOdjL : 'v" v— ^-^^ 

?j>f: ^:^:;w:i>o«e.^y ftffiA=ftHrfc4 c<;> wiuoiisi ?<:-cb<: : h>?5ti^ wnh l«C >->>^s 

ihc tthcil^aoKS zmi &a.v ape ^n>Ui»^ ^.Jsu^ e ^b^^f^x^^ & to *<he 

i« t : =:i<. *%, <5 > : vk vO«su<nu$ the 1s*<w^' t ^ ^' aw Zixi^a ^ciiaio^ vssr ve.;Uo-> 

.... ,^o.'K>-: v .i'?«rioto?.a^aoa <vbt^*d is sa^d^.a a> s 

. • ■ ■ .... ■ ^ 

Wi::j<i i^V • iht cfaia^i?:a>eai iaa>iay, Osisig Jhe r3«A^>is :o mi 5 f > - (A> 

- .^v.-... n «c uin'l a.<iV -t; o.avtS. 'Has ^>><oyds as.ox;s v:*ah too ro>:<as ov^.a 
indcix-fy.kat aye>aan«^ lilc^h^d ti>:ai>";is acsc?ih<xi ia ihz %Wjfpkw$&*r?- 
ha'btftwios, vviiich ykjds a s>e&?r GAa^i».a PTwfes^ry 4w^ite^o a :cv.?-a* 

i^oi iV5et^o^s ««^.»«y ^&->od»isd :-.^jor»occ> # v ^v«ooi>!« i" aaycrii-^o vc-^oo &f 

fhft a«:.^^- ^^.::3ivrf*.W*«/">>vv.^ 

^i>5s«a>. s ats<: ? : ?-y?:S.. 2005?) 
x. Aswct, A.. > J . & C>. a>r:a:i:a«ias : :o$^;?>:«"< .nf fsosift^-S^-Vr^'y'- 

KOS*>o-Soi*:ai ft^rfaa'Kvf^xjswJt^N^Fsi': <a vi^xaiof' cf S->Ji"'v iejS:4>i.*:aw£-. 

5f*tf. u>:t Sf:-i>4 
:i y:iA;>v S. a : iv1-oc^ft^§; iv- :-. Pajs.«, L : >Vt «i ^OJ>roe, C ■0h&sfv&$3& o : > 

t>'.t^:>?.icf>* sia twawwn- a v-ftsa-. os^arf <sav-« <x *r$$<* &V>too. >Vai«^ 

e Vi>U, i <a* v:. 0:-;S<?:-V:>tjOO >>nt>?^:<::T:;VU .vt V5a*.k- Oh<ac- wilO ■: 
?ftys :.^>.?- C5<ii^:>. 

5. vyk ; T, W-sfe-^w, S. a., A- & K«f«»*. S :&^ft-*?orft si«^i> a:xao« 
vKw<->to;Y> }«s«:*^e« ;>c;V:«<$ :a?, -vi^- ^co rs-oovy 

6. v::vV; ; S-t £^^:f-v-T: ; ^ C« :: W«5.a$t:a« <j V.DCZ vvO:ai::^ M^Atftl - i";odv<. 

> ^aaytikeviea, C">. « &L S>;^o%^k<o? a oixao« a csiisviiv^ ?k:«><^ 
t^0i:aX 



a. i'.^riiio, C. G;-^:\, : ; . : :i«r<.:ic>-: : e«03a^e, !> & Ktsifer. Crft»tss»: o! : ^oia::y:^aJ 
'>>«^ : ; o-: cir.-ia-t $io«a^ Jsy ^at? £?:>•■:, .%v. A l-Cvu>-a>^a i ;<;<?<.a 

icy Cia:ii. ■:" . W, vf O- WvA$vir<S0WO:-- :?rf:;CcC t-^i^rYrfJOJ »or »xoi^i'>:>r: S :; :W.i : v i« 

fKfy>0:"ft AWnx.^VWSWW?; :w>lW«? -<>o<: vO.V^;. 

:1 Woelv-vlS. O. >:: v «t F.f:teO;s?>:a:>>e.i; Ot Si.vl^fe-vao^-i ;:;::;;>Ot:::Y: SitW ■: 

ey^SOO^ni x;:axVrO"i.eS C»«'8f¥&?ft^ S«3 '-Va45y.v:-J Cfa.k-<?:' in &i$:VXi:-v. ffseH'^r-ttCf:, 

•?%v. fey. A 22<ia-:v^5 no-a>> 

i^. i<vv : »>j$, ^i. >. Yh«s ^:>5«t«. v « ir.arYvwJ.- .NVifiiW 4Ss, 102 5 -'1030 { j'CK'wX 

14. Cai:<i?c^$. L... : ;>y!o.% i. :\i k S«raa5>fia : A 5 N U ; kia. v< & .qy.%oi>ua-s 
c^oiY^Rasi-o^^asc^o: - ! Sr^^sisJ* o?aaa::r:atia^i^ : POys. Risv. isit ^4 O?0v04 
C5^oo) 

•:>. Dwas>. a-N-v ^ Mn^ax\ C ^Qbt^X fey-Sfitwi^ ipissrjr^'.-ica f.ww:ft&-ifSjS wSh ^:.ar:v>. 

-.ft:>swihi«5. M Co?. Pfcys. SB, ^i:>--avi 
>a Nes^«*fta, ei o. ; . ^a^ip^'Oie «ai>w^[:«i«^-a «foo5>g f.-ox';^ ie d<so>onvi 

0Cf«N>:e xyiv-'i i:^ vJipS&s 
r>. Af>&^s»o. -V. ei <a V:do";^ : - : o: i«^>.:oeiy >o :«s«ohsw< ^ooyo <;v:viis. f^tf?«.«:* 

A0i> ^-•■JCt6 fS&OSJ. 

15. DiCSf iC. L. v- : O?. s?SKTSa j :%tf;>?iO?'S Oi OA.'0- OufcO «^Cath:a^:%vOh y; : iap«f<'.wrfs:*a}::^ 

a«»-«.yf<5 oo>:-.tv>:;o.-. ^atxc c-ao - y..:a^ (:£X>;>>. 

:>': hiCi.tS. G. .l> . i?O0: : 0vask:.. V. V.. i>>yi:. D M . riCfvY'^J'-S, ;: - .:. .*>w-S-va.«OJ-K, :•> :> 

?S*gafa»U .y jfY«-ii»:!t*:; o: s Wiv$a Yi:^aa«^ Si'sbx- Sckncs XZih 

Y > 0>>:>, iVV V Y:i y>'. 5>0'>:'::Y-:Y: r^e.:.'^ v>' .^OS^J Or"S irxjiviO:.:.^: «V::'.Sroo':i: «fft1 OyCi$.3f' 
::i>ie vv>vr:v :« vSA.rootv;- 5r;>.w<b 5'<a ; 'a: : li:-l3v;. QC^> 

v*c<i:>vy >:eaa ; $. & rf5aiaa«4 ?>: r-?>ys. 1£* : 04500 a f20C5Sj 

y: fr^ficac^^. sa^ca^^Aori «->SOx'<Maa y>Y>^O^kvV f?£v. :? 74.. h'Y:>:>03 

OO. 3anu5.*t. C ? Y; iit C^iWWK 0Opl-:t>*>OO t:">OOi«a ^t^iYS if' iSj3rKS5«<? vf>rfe» 

ooiic>? tY>vitaa^ >>hys U>il ^7, 24'?A01 <2iXa;>. 
i ; t;. j<A:<:«?, >. *a.-v> : . ik>io:-^c>ae:: pf^rf«;$ o? roo.?.kr- ohatf?iY-> *yfK?^rf by ^•••?«j5 k >:'>* 

v^Ci:-:Cy a<:->:a dia?YKV.vj *\ fawiGK&zt'S ^>*<S; :;:.>•/./ .Jtr^iv :>!>S;/' 

0^-C : 6.y4i ; 0> C2<Xv». 
;>\> t-:>giv^rf.. iX. t ofrfOn, A., f'^ixawf:. t, S f .c»?.a f>. & :: '^iYvb. 0. a li::^ -LOvCy 
?Y:^s\.ayk>; w>*a a s : ;o?J<?: <40A«aU:a -bot jVoa.Yt 450. ;$:V?-a5^ <yoO?) 
^vhkaiavy;:-, a, Sdva^w ; T. fx e^asea, O. {->fw-*jy-w>ss cvss&te$ oeiV-1 
C?:«i«:-S ?fi >--oncb;o:r>^vt> ><, ••:':ja:- i< ?«<>-.^S C* :>a o?ac^ r:->ic- <>f «>0:><aa: . a-o"Y 

tea. a3arl-^9-o t2O0c;. 

:>;>. VVo*:^. C r. fit a: fsarbva::-*-; <»si' <.t:«;<Jvtofix<rboo -a? o^^wji^jsns-or^i y^obV:k* 
f.iV>^ia^Vf.w;jwai<is-if< f:<s:XXYy$veiv^s iii : > f -^:l A : :-_o:. POys. ;.i\b. ?f':. SOai^ 

30. ?fe:«<-hh«wtv ^Y, b^sa^gh:;. a. 0 Mw*fi§0$. I P. •ia>:bvf->o:?a^a:vvi;:y :a>a;s v :o 
a-.av>0;a-f:«ay. iaaka c'^hea^a wwfj:^. St-v. xfeY *byx ?? % -ooa*ft:75- tl-iCJOia 

$a£p*aa«$«x<ay' b^raa>^ico a ?i«^:«4 to iot - v%.*sk»o :Y?" a^ : vooe; a? 

vV-wW.v^^vv?.vOa ; /r>J:tO:<:. 

A^kjK>wfe^^mortt!v ay^ :;«<oeV ?. jeioYk^. •. Vv^thto^o. v.jiac^iss, iyiAAswi,. 
":. Tajt^of m4 :■ iS-lscAMtHif xa daA'a:s : 'ar>r>s a-a: «Aa«;*«T:?*nt5jJ beip. k-^s was 
soooo^sb* by fh* 0%"?^o&» Abvov^^b f<<s:iOareb f->aia>;>o A^f :: >i-y NyK. H:> : a*ra k^': 
CUA. b w r eiaw^uy *M a>< ; ?jie««r.d ^yUr^'atiftj-'. I as coaw^ oi Yf:$ 

i-torjY.AbOO :::rfiy «<::'.%Y>?:<V:J$ roiiCv? «h« ^OYibOfr Of »h« lyOiil'v <b ba: Uo. 
^.- v; ^v..v.^:^ ^ : >o : >o abiC>A: SiUliHS^&tte&S abO;:iO O^ ::•:><;:•: 

Awtborv>«xaht4ioos .*M &sfr<tr*$0&<?-b>.$*i ftxi«a-iW«>>< to i^a \w& or-^e:bsC 

Avihor of c<? :?>3t>00 Rsa^ists y^^airwksVo. .y : *o>^aoa-v :s SV>>sobi^ Yv 
vvv<f\s<.aaxaa>aa:>Y-vV«pa«i:S. : Ov Aot^oro bsci^rY >=v vO^ao^^^a ba$i>c:o: intsrsv^. 
k^yLb^^ or* vittkoa jft to aaaa^aooi oo b-s osiioy ^arsiaa oi ihis ofvici* ot 

vL;O^v^XOa:-'O>S'b>:'0. ^ *>• f«?f>«orfO:-:a» Y*>'*J fC'^a<;?4S tftf £«A*<:f 'SbO::ki OO 

NrfbV^ss^a to M.D.i. c;ak;^#^Y,b^rv^Jb.«ba), 



7$4 
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METHODS 

vfi&s&i mnpte kept b*k»Y ? K. A Niko» *>::>S MA mkr&x<<$<: objsfciiv* is .! u 

COR&Sfti ?<> tftt&vkU&j NV e«Ti*«tt, ^OftOVStttt W&itt&S tffsfct f c3<! • 

USIBg i«o ca&sdert Wiv^yjdt- :T }J -.di;:j:::::;>f : >. jhi$ &&\Ut&*i \$ s<:ni t&f$K$h a 

f^r^r-v.^:v^pku<> ihstss ftsed <S««fi§ yii <^j?v~< tufts $>;> p&vdi&s lh>> <>r<v«&v 

h>:c^M<-<>x^ sz&!&x\xz\Xi&zx$ arc sytsrsditifsf «» ?-h<f <Se&c&>n csV* trcd 

ers*k:.« o>i-i >w; £u&w. h> th$ 7J*S. : k *orc a 

^in-::^*:;*.:.::. &a&ysj$ $£t--&p GQattSti&$ «S : ASS HW> y.:;d ;i {<& pk&*QEL 

$vkx^k=>% U i?^*: f<;>^^ tfvw^fe ,i $ iSf r«W kiX}llv?v.".Y Uirc:. i*>t»rc boi"«g d&'&C&'g 
by a kw <^ : ;-k Oy&K A| : i>. We & YY>:vtx<«k:>: dsa*%vttptka$ x»a&&itor 

fcftffMNf Aa*D &tf$ij«r ^iiKi: rc&X1::>:\<$ <X the vfid .U<>.k>n ptfise wfsd Stt^p&SS 
defector *tttffpU&::>£, %ft<"|:fj Cftf* h U> f«fr&«Wft &ffil3g vh$ 



i$ iissi €#\>pez xvhc &izd*<:4 xo she : i<;:T>><>ua. st:^^i::>i:vc>> k; s aiKir^s^, 
>-xc>i>v;-<v- i;u-|.:i<. "by :Sii>;i^s n<<: dxfhrs-.-i-K? bvyMrxy of ■>••-: 

r>.pt--ro-.:.-ho* «v>i$s- k\ i^rV.r««sv« f:cMs : ' rektlv* j>hiW:> k ervwiak This i$ 
athievt-d by Xxsgsnxxs. «k tis?sh^~sfi{i$i\i-*£ d^i^h hntss vwtwst c^i >>;' 

omcrtxi by c^bisxu^. vhow $h<i isip\n of a xars^ p'feoK;iv 

Giv>:j> $)vpcri:Xiv>U v«>oiii : V>h —UK*kH* ^>xi y^ <:f'>x:ss:^U:\r:i>\xi ;>o?a 

ewtiiXj prsU^vU ii?,y oi' It'j '\ «<it« o^ :tv<i'-:^e t>v:0 sj<<f>:-:.i 

>>:r to ihi: 10 $tSt<> Aiv ii:^i:V t>e:.fefv y;.:>j ; t;i : :<.::.tt rep«?JtU>«$ .'mX* > fruited («Y 
jb.:<vat>» : . ;i<.«j. ^:.::V-::;v::v f$f ^vfija &"V :UyttV<: WftlY: fer< ■ <JV:T S 



